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Abstract

Background: Retinal damage can lead to severe and per-
manent visual loss. Mesenchymal stem cell and their sec-
retome containing stem cell-derived factors and have been 
shown to have proliferative and anti-inflammatory proper-
ties. Therefore, the aim of this study was to assay the con-
ditioned medium derived from the stem cells from apical 
papilla (SCAP) on retinal toxicity induced by H2O2 in rats.

Methods: Thirty healthy 6-week-old rats were selected 
for this study. After two consecutive days of intra-vitreal 
H2O2 injection in in right eye, they were randomly divided 
into three groups: H2O2: which received no other interven-
tion after H2O2 treatment, H2O2+SCAP-M and H2O2+SCAP-
CM groups that received intra-vitreal injection of basic and 
conditioned culture medium, respectively, three days after 
H2O2 treatment. The Left eye was considered as the control 
group. After two weeks, all rats were euthanized and mor-
phological and histo-chemical evaluations were performed.

Results: The retinal thickness was significantly better 
maintained in H2O2+SCAP-CM group compared to H2O2 
and H2O2+SCAP-M groups. Further analysis of outer and in-
ner nuclear layers showed a preservative effects of SCAP-CM 
group on the H2O2 induced toxicity. Evaluation of apoptosis 
by TUNEL assay and relative expression of pro-inflammatory 
(IL-6 and IL-1B) and BAX genes, showed that they were at-
tenuated following SCAP-CM administration whereas anti-
apoptotic gene, BCL-2, was over expressed in SCAP-CM 
group. 

Conclusion: Our data, for the first time, reported the 
neuro-protective effects of SCAP-CM on H2O2 induced reti-
nal cell injury. Therefore, the SCAP secretome may have the 
potential for preservation of retinal damage.
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Introduction

Various factors such as trauma, light, aging, drugs and sys-
temic diseases leads to permanent retinal damage and visual 
loss. Cellular degeneration is one of the main pathologies of vi-
sual loss [1-3]. Different treatments, like cell-based regenerative 
therapies, are proposed and/or carried out for retinal degenera-
tion with different degrees of success; but no completely and 
effective strategy has been proposed yet [4-8]. Several studies 
have shown that cell therapy could modulate the apoptosis pro-
cess in retinal layer either by cell replacement or secretion of 
trophic factors and therefore improve the survival of the pho-
toreceptors[1,5,6].

Various types of mesenchymal stem cell (MSCs) such as 
adipose tissue, bone marrow, umbilical cord, dental, cartilage 
and skin have been used in treatment of retinal injury [9]. Re-
searchers have revealed that most of mesenchymal stem cells 
injected into the vitreous didn’t incorporate to the retina and 
their therapeutic effect is mainly due to secretion of paracrine 
factors which can release various growth factors to promote 
recovery of the retinal cells after injuries [4,7,8]. Besides, cell 
therapy also has disadvantages such as xenozoic infection, poor 
bioavailability, survival and function of transplanted cells in 
damaged area as well as being costly and time-consuming pro-
cedure. Also, the fate of transplanted cells in the injection site is 
another important issue which can’t be controlled after in vivo 
transplantation [8-10]. 

On the other hand, anti-inflammatory and immunomodula-
tory effects of stem cells on injured tissues, are mainly medi-
ated by paracrine factors released into extracellular environ-
ment [8-12]. According to recent studies, intra-vitreal injection 
of conditioned medium (CM) containing stem cell-derived fac-
tors such as growth factors, cytokine and chemokine has better 
therapeutic outcomes than stem cell injection. In addition, CM 
as a cell- free therapeutic approach has been considered to be 
both cost and time efficient [13].

Dental Stem Cells (DSCs) originated from apical papilla 
(SCAP), dental pulp stem cells (DPSC) and periodontal ligament 
stem cells (PDLSC), has been recently introduced because of its 
easy accessibility. The secreted factors by DSCs revealed higher 
levels of neurotrophic proteins when the results were com-
pared to other MSCs [14]. As mentioned, different DSCs also 
secret a variety of growth factors and chemokine. DPSCs have 
more effective factors related to odontoblast differentiation in 
compare to proliferative chemokine secreted by SCAPs. On the 
other hand, SCAPs showed greater neuroprotective effect than 
other DSCs because they released more neurotrophic factors 
such as brain derived neurotrophic factors (BDNF) [10-12]. In-
terestingly, CM of SCAPs were more effective in axon regenera-
tion than CM of other dental stem cells, like dental pulp and 
periodontal ligament [10].

Oxidative stress due to reactive oxygen species (ROS), initi-
ates the caspase-mediated apoptosis pathway. Therefore, hy-
drogen peroxide (H2O2) as a source of ROS is commonly used 
for inducing retinal cell degeneration. Therefore, in vivo model, 
chemical -induced retinal toxicity using H2O2 is a useful method 
for evaluation of retinal diseases mechanisms and new treat-
ment options [15]. 

In this study, we evaluated the protective effect of SCAP-CM 
on H2O2 induced retinal toxicity in a rat model 

Methods 

Culture and preparation of SCAP conditioned medium 
(SCAP-CM)

The SCAP were provided by Royan institute [16]. They were 
cultured in DMEM medium supplemented by 10% FBS (Gibco), 
1% NEAA (Gibco) and 1% glutamax (Gibco). To prepare SCAP-
CM, the 104 cell/cm2 were cultured at tissue culture plate. One 
day later, the cells reached 80% confluency; then, the culture 
medium was removed and the cells were washed with PBS+ 
twice. Then, FBS free medium was introduced to cells for one 
day. Lastly, the CM was collected and filtered (0.2 µm filter) for 
further analysis. 

Protein quantification

To assay the concentration of proteins, SCAP-CM was lysed 
by adding an equal amount of Radioimmunoprecipitation 
(RIPA) buffer at 4◦ C for 30 min followed by 30 seconds soni-
cation in an ice-cold bath. Protease and phosphate inhibitors 
(Sigma Aldrich, Missouri, USA) were added to lysis buffer at 1:10 
concentration. Following lysis, total protein contents were mea-
sured using BCA protein assay kit (KIAZIST, Kermanshah, Iran) 
according to manufacture instruction. 

Induction of neurotoxicity in retinal layers

The 6-week-old hooded rats (~150gr, n=10 for each group) 
were housed in rooms under standard laboratory conditions 
at temperature between 20-25 °C, regular daylight exposure 
and free access to food and water, according to the Association 
for Research in Vision and Ophthalmology (ARVO) [17]. All ex-
perimental protocols were approved by Institutional Research 
Ethics Committee at Isfahan University of Medical Science (IR.
MUI.MED.REC.1399.053). All procedures were also carried out 
in compliance with the ARRIVE guidelines. To induce oxidative 
stress in retina layer, the rats were anesthetized by intra-peri-
toneal injection of ketamine (50 mg/kg) and xylazine (5mg/
kg). The right eyes were enrolled in this study and the site of 
injection was disinfected by Povidone-iodine 5%. Then, intra-
vitreal injection of 10µg/µl of Hydrogen Peroxide (H2O2) was 
performed (1.5 mm behind the limbus) using Hamilton syringe 
for each rat [15]. The H2O2 injection was repeated for one more 
day. The left eyes were considered as the control. 

Intra-vitreal medium injection

To assay the SCAP-CM neuro-protective effects, three days 
after H2O2 treatment, the animals were anesthetized again by 
intra-peritoneal injection of ketamine and xylazine, as men-
tioned earlier. Then, 2µl of the medium was administrated into 
right eyes. All injections were performed using Hamilton syringe 
and after each injection, the syringe was hold in the same posi-
tion for 30 seconds to prevent any leakage. The animals which 
revealed complications such as massive intraocular or retinal 
hemorrhage or endophthalmitis after intra-vitreal injections, 
were excluded from the study. The rats were kept under con-
trolled conditions for 14 days. Finally, they were euthanized in 
a CO2 gas chamber and right eyes were enucleated for further 
analysis.

Experimental groups

All animals were randomly divided into three groups with 10 
rats in each group (H2O2, H2O2+SCAP-M and H2O2+SCAP-CM). 
The H2O2 group only received H2O2 injection without further 
injection. The other two groups, in addition to H2O2, also re-
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ceived medium collected from the SCAP (H2O2+SCAP-CM) or 
unconditioned media (H2O2+SCAP-M). 

Histological assessments

Enucleated eyes were fixed in 4% paraformaldehyde for 24 
hours, then they were embedded in paraffin. The left eyes were 
assigned as control group.

Then, 8µm sections from the eyeball were prepared using a 
microtome (Leica, RM2255, USA) and stained with hematoxylin 
and eosin. The thickness of retina selected via whole eye was 
measured under a light microscope (Olympus, USA) with Analy-
SIS LS Starter 5.0 software (Olympus, Japan). For accurate as-
sessment of retinal thickness, the head of optic nerve has been 
considered as a standard point and retinal thickness was mea-
sured at a distance of 600 µm from the disc.

Apoptosis analysis

Evaluation of apoptosis rate was carried using the TUNEL 
method coupled with fluorescein (DeadEnd™ Fluorometric 
TUNEL System kit, Promega, Madison, WI) and PI counterstain 
(Sigma-Aldrich, USA). To quantify immunostaining results, 
apoptotic cells in all experimental groups were visualized under 
Olympus DP70 camera equipped with an Olympus DP70 cam-
era and were calculated in at least 5 random fields from each 
experimental group.

qRT-PCR

To analysis the apoptotic inflammatory mediated genes, 
the retinal layer from enucleated eyes were isolated mechani-
cally under dissecting stereomicroscope. Subsequently, they 
were washed by PBS- and total RNA were extracted by TRIzol 
reagent from all four experimental groups in three independent 
experiments. Then, it transcribed to cDNA by Biotechrabbit™ 
Kit according to the manufacturer’s protocol. Expression levels 
were normalized to GAPDH housekeeping gene and relative ex-
pression was calculated using the comparative threshold cycle 
method (∆∆CT) and healthy control group was considered for 
calibration. The sequence of specific primer pairs has been list-
ed below:

BCL-2: FP: 5`-ACTTCTCTCGTCGCTACCGTC-3`; RP: 
5`-AAGAGTTCCTCCACCACCGT-3`; BAX: FP: 5`-GGATCGAG-
CAGAGAGGATGG-3`; RP:  5`-ACACTCGCTCAGCTTCTTGG-3`; 
IL-6: FP: 5`-GAACAACTTACAAGATAACA-3`; RP: 5`-GACTCTA-
ACTTCTCCATTA-3`; IL-1β: FP: 5`-AGCAGGTGAAGAATGATT-3`; 
RP: 5`-GCAGTTGATGAAGATGTC-3`; GAPDH: FP: 5`-TGCCGCCTG-
GAGAAACC-3`; RP: 5`-TGAAGTCGCAGGAGACAACC-3`.

Statistical analysis 

Statistical analysis was performed via SPSS 25 (IBM SPSS, 
Inc. Chicago; IL) and data were presented as mean ± standard 
error (SE). The Kolmogorov–Smirnov Z test was used to assess 
the normal data distribution. Comparison between groups was 
done using one-way analysis of variance (ANOVA) with a LSD 
post-hoc test. The means were compared using Independent 
sample t-test and p<0.05 was considered significant.

Results

Maintenance of SCAP cells

In accordance with our previous reports, the cells were 
maintained and cultured according to routine protocol. The 
workflow of the study was presented in figure 1A. As it shown, 

the cells (passage 6-10) with around 80% confluency were used 
to collect SCAP-CM.   

Protein concentration of SCAP-CM

In order to quantify the proteins secreted by the SCAP, the 
serum free conditioned medium was collected after 24 hours 
incubation. Based on BCA assay results, the protein concentra-
tion of the SCAP-CM was 527 µg/ml.

Retinal degeneration occurred following intravitreal injec-
tion of H2O2

In accordance to previous report [15], injection of H2O2 by 
concentration of 10µg/µl could significantly attenuate the sur-
vival of neural retinal cells in compare to control group which 
has been observed by decrease thickness of retinal layers as 
well as increase the amount of apoptosis cells (Figures 1B and 
2). 

The thickness of retinal nuclear layers was preserved by 
SCAP-CM

The histological analysis of retinal layer in different groups 
showed the retinal atrophy and retinal thinning was significant-
ly lower when the SCAP-CM was administered (Figure 1B). 

This protective effect was not detected in SCAP-M in com-
pared with SCAP-CM. (202.2 ± 32.2 and 236.8 ± 20.8 µm, re-
spectively). Injection of SCAP-M didn’t provide any improve-
ment in contrast with H2O2 group (199.9 ± 65.3 µm) (Figure 
2A). Detailed analysis of thickness layers demonstrated that 
SCAP-CM could rescue the cells of both Outer Nuclear Layer 
(ONL) and inner nuclear layer (INL) (Figures 2B and C). 

On the other hand, histopathological analysis of the sections 
showed no stem cell morphology with high ratio of nuclear to 
cytoplasm. There were also no detected nuclear morphology 
changes from slender and cigar-shaped to eventually round 
characteristics of tumor cells or cell aggregates such as rosette 
like structures between cell layers of retina. 

SCAP-CM inhibited the induced cell death in nuclear layers

The apoptotic rate of retinal cells was also investigated using 
TUNEL assay kit. As it shown in figures 2D and 3, the intra-vit-
real injection of H2O2 induced apoptotic cells and the SCAP-M 
didn’t reverse this effect. Although, the retinal cells of the eyes 
treated with SCAP-CM were protected from cell death.

To confirm this attenuation by SCAP-CM, the expression lev-
el of anti-apoptotic gene BCL-2 and regulatory apoptotic gene 
BAX were also evaluated at RNA level. The results demonstrat-
ed that SCAP-CM induced high level of BCL-2 expression while 
apoptosis regulator BAX decreased significantly after treatment 
by SCAP-CM (Figure 4A and B). 

SCAP-CM modulated the inflammatory response induced 
by H2O2

Surprisingly, our data showed that administration of SCAP-
CM decreased pro-inflammatory genes IL-6 and IL-1β. Although, 
this difference was just significant for IL-1β (Figure 4C and D). 
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Figure 1: TUNEL staining of retinal tissue. Micrograph repre-
senting apoptosis of the retinal cells between the different experi-
mental groups. Apoptosis was detected by TUNEL assay and TUNEL 
positive cells appear in green (middle column). Nuclei were stained 
with propidium iodide (PI; left column). The Merge figures were 
presented in right column. Scale bar: 100 µm.

GCL: Ganglion Cell Layer; IPL: Inner Plexiform Layer; INL: Inner Nu-
clear Layer; OPL: Outer Plexiform Layer; ONL: Outer Nuclear Layer; 
OS: Outer Segment.

Figure 2: The quantitative results of retinal thickness and apop-
tosis rate in retinal layers. (A) Retinal, (B) ONL and (C) INL thick-
ness of layers in different groups (D) numbers of apoptotic cells per 
square millimeter. Statistical significances are indicated with *P < 
0.05 in compare to Control group.

ONL: Outer nuclear layer; IN: Inner nuclear layer.

Figure 3: TUNEL staining of retinal tissue. Micrograph repre-
senting apoptosis of the retinal cells between the different experi-
mental groups. Apoptosis was detected by TUNEL assay and TUNEL 
positive cells appear in green (middle column). Nuclei were stained 
with propidium iodide (PI; left column). The Merge figures were 
presented in right column. Scale bar: 100 µm.

GCL: Ganglion Cell Layer; IPL: Inner Plexiform Layer; INL: Inner Nu-
clear Layer; OPL: Outer Plexiform Layer; ONL: Outer Nuclear Layer; 
OS: Outer Segment.

Figure 4: Analysis of relative gene expression in different 
groups. (A) Anti-apoptotic gene BCL-2 and (B) Regulatory pro-
apoptotic gene BAX. The immune-modulatory genes (C) IL-6 and 
(D) IL-1B. Data are shown as mean ± SE. Data have been calculated 
from n = 3 individual experiment per group. * show relative signifi-

cance at *P < 0.05 in compare to H2O2 group.
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Discussion

As many injuries and diseases lead to permanent visual loss 
via irreversible retinal damages, discovery of the effective treat-
ments to improve the visual abilities are very important [2,3]. 
The final effects of disorders are usually abridged to apoptosis 
and/ or inflammation responses [18]. Reactive oxygen species 
(ROS) are the main factors involved in many visual disorders. 
Hydrogen peroxide (H2O2) as a ROS source is commonly used 
for inducing retinal cell toxicity via oxidative stress [15]. Pre-
vious studies have demonstrated the intraocular injection of 
H2O2 could induce animal model of oxidative stress [15,18,19]. 
In accordance with that, in the current study, the intra-vitreal 
H2O2 injection was used to induce retinal damage via oxidative 
stress. The model was confirmed by reduced retinal thickness, 
increased number of apoptotic cells and high expression of pro-
inflammatory genes IL-6 and IL-1β in compare to control.

Some tissues such as intestine or skin have high potential to 
replace the lost cells; although the retina is one of the structures 
with limited regenerative potential. Therefore, a large number 
of apoptotic or dead cells during damage cannot be replaced by 
healthy ones [9]. Several experimental studies and clinical trials 
have assessed the effect of stem cell therapy in retinal diseases 
[9]. Evidence suggests that MSCs survive for a short period of 
time after transplantation in a pro-inflammatory environment. 
Therefore, their loss may lead to a poor therapeutic response 
. On the other hand, anti-inflammatory and immunomodula-
tory effects of MSCs are mainly mediated by paracrine factors, 
released into extracellular environment [12,13]. Duarte et al., 
found that both early-outgrowth bone marrow stem cells and 
their CM are equally effective to prevent diabetic retinopathy 
symptoms in animal model [4]. It seems that intra-vitreal injec-
tion of CM containing stem cell-derived factors such as growth 
factors and chemokine has better therapeutic results than di-
rect injection of the stem cells [7.8]. 

The protein concentration assay of SCAP-CM showed a high 
level of secretion in our study. This result is in accordance with 
previous reports regarding the secretion of MSCs, even more 
than 100-1000 times extracellular vesicles compared with other 
cell lines [20].  

The presented data revealed that intra-vitreal injection of 
SCAP-CM could rescue the ONL and INL by reduresented in 
retinal thickness. Sugitani et al. revealed that human adipose 
stem cells conditioned medium has neuro-protective effect 
against light-induced retinal damage in vitro and in vivo in ani-
mal models [21]. Mead et al., reported that dental pulp stem 
cells (DPSCs) have a significant regenerative and protective ef-
fect on axotomized retinal ganglion cells when the results were 
compared to other MSCs [22]. Also, Histological assessment 
of retinal thickness in sodium iodate –induced (NaIO3) retinal 
degeneration, confirmed the protective role of DPSCs in retinal 
thickness of treated rats after one month. It has been found 
that rat DPSCs can apply neurotrophin-mediated neuro-protec-
tion as well as axonogenesis in damaged retinal glial cells [23]. 
As mentioned before, BDNF secretion from SCAP plays a key 
role in neurite outgrowth in vitro [14,24]. Recently, a research 
study reported that BDNF secretion was significantly higher in 
SCAP compared with other dental stem cells and SCAP-CM was 
more effective in axon regeneration than CM of other dental 
stem cells [10]. Li XX et al. showed that stem cells from human 
exfoliated deciduous teeth and their derived conditioned me-
dium have anti-apoptotic effect and can improved retinal func-
tion by decreasing photoreceptor degeneration in mouse mod-

el of retinitis pigmentosa [25]. Our recent study also established 
the neuroprotective effects of SCAP extracellular vesicles in RCS 
model [26]. Our results, in consistent with others, reinforced 
this hypothesis that injection of SCAP-CM not only provided a 
neuroprotective effect on retinal layers after treatment with 
H2O2 via secretion of a wide variety of trophic factors such as 
BDNF, GDNF and some neurotrophins, but also didn’t regener-
ate the formation of any stem or tumor cells following SCAP-
CM injection. We found significant difference in retinal thick-
ness and degree of apoptosis between SCAPs-CM treated rats 
in comparison with other groups. The expression analysis of in-
flammatory gene IL-6 didn’t show any significant changes com-
pared with other groups. It might be speculated the inadequate 
concentration of immunomodulatory factors to stimulate the 
immune response in presence of SCAP-CM. Although, the ex-
pression level of pro-inflammatory factor IL-1β was decreased 
in retinal cells by SCAP-CM injection. These results highlighted 
the protective effect of the SCAP-CM in the apoptosis rate of the 
retinal cells. In accordance with the decrease of the apoptosis, 
the improvement of retinal thickness was detected in CM treat-
ed groups in comparison with other groups. Taken together, our 
results indicated the potent neuroprotective and anti-apoptotic 
effect of SCAP-CM.

Conclusion

Our data, for the first time, reported the effects of SCAP-CM 
on survival and protection of damaged retinal cells. The secre-
tion of the SCAP can be used as a new source for retinal pro-
tection and repair. However, high CM potential can be derived 
from concentrated CM or SCAP extracellular vesicles, which 
should be evaluated in future studies.
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